INTRODUCTION
============

Research over the past decades on the link between depression and coronary artery disease (CAD) has established an epidemiologic association.[@B1] Cross-sectional and longitudinal data suggest a bidirectional link between depression and CAD.[@B2] Depressive symptoms and depressive disorder are common among myocardial infarction (MI) patients. Approximately 15% to 20% of patients, with acute myocardial infarction (AMI), have been identified as experiencing a major depressive disorder (MDD).[@B3]-[@B5] Post-MI depressive symptoms have been shown to be an independent risk factor for mortality. MDD, and even sub-threshold depressive symptoms that do not meet the criteria for a diagnosis of MDD, are risk factors for the development of CAD events in healthy patients, and for recurrent events in patients with established CAD.[@B6] Although previous studies have reported depression as a comorbid condition in patients with CAD, there are little reports about the relationship of percutaneous coronary intervention (PCI) and depressive symptoms, among chronic stable angina (CSA) patients. This study is to evaluate whether PCI is associated with the development of depressive symptoms.

METHODS
=======

Patients and definitions
------------------------

This is a prospective study of coronary intervention and depressive symptoms in CSA patients, who underwent cardiac catheterizations at Daejeon St. Mary\'s Hospital, the Catholic University of Korea, from January 2009 to April 2010. Patients were eligible to participate in the study if they had ≥50% stenosis in at least one coronary artery, based on effort angina symptoms consistent with coronary computed tomography, or evidence of exercise induced ischemia by treadmill or cardiac perfusion testing. Patients were excluded if they had one or more of the following characteristics: serum creatinine levels \>2.5 mg/dL; cardiogenic shock; acute MI; MI history; history of PCI; unstable angina; variant angina; history of coronary artery bypass graft surgery; malignancy; autoimmune disease; recent infectious disease; medicated antidepressive and antianxiety drugs; or current and past mood disorders, panic disorder with and without agoraphobia, social phobia, generalized anxiety disorder, and alcohol and substance abuse and dependence. A total of 171 participants were enrolled in the study, and underwent a baseline study examination that included a comprehensive health interview, medical history questionnaire, psychosocial questionnaire, blood samples and echocardiography. The Institutional Review Board approved the protocol, and all participants provided their written informed consent. To assess for the presence of depressive symptoms, within the past month, a trained research assistant administered 21-item the Beck Depression Inventory II (BDI-II).[@B7] The same set of questionnaires was administered on the day of discharge. Demographic data and medical history were obtained by self-report questionnaire. Age, medical history, family history of cardiovascular disease, religion, private health insurance status, occupation status, smoking, and alcohol use were included in the questionnaire. The parameters were defined of lung disease; chronic obstructive pulmonary disease (COPD), asthma and interstitial lung disease, liver disease; viral hepatitis and liver cirrhosis, gastrointestinal disease; gastritis, peptic ulcer and esophagitis, joint disease; degenerative arthritis and rheumatoid arthritis, regular alcohol use; the frequency of alcohol intake is more than 3 times/week8 and chest pain within 4 weeks; and the existence of effort angina within 4 weeks. We assessed cardiac function, using a resting echocardiogram, for measurement of the left ventricular ejection fraction (Simpson\'s method). Complete blood count, creatinine, uric acid, fasting glucose, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, triglyceride, high sensitivity C-reactive protein, and Hemoglobin A1c were all measured from venous blood samples, after a 12-hour fast.

Statistical analysis
--------------------

Patients were grouped, based on the whether the PCI was performed or not, and were compared on clinical and demographic variables. Comparisons of depressive symptoms baseline and pre-discharge were made with the independent t-test in each group. Statistical analyses were performed using the SPSS statistical package, version 18.0 (SPSS Inc., Chicago, IL, USA). Unless otherwise noted, all tests were two-tailed, and a p value of less than 0.05 was considered significant. Potential associations between clinical and biologic parameters were tested by multivariate logistic regression analyses. All data are presented as the means and standard deviations.

RESULTS
=======

In total, 171 CSA patients were enrolled in the study. Based on angiography, 108 (63%) cases were assigned to the non-PCI, and 63 (37%) cases were assigned to the PCI group. Sample population characteristics, with respect to investigated risk variables, are presented in [Table 1](#T1){ref-type="table"}. Based on independent t-test, patients with PCI were significantly older (non-PCI vs. PCI; 57±11 vs. 64±10, years, p\<0.001), had more joint disease (non-PCI vs. PCI; 12.0 vs. 27.0%, p=0.013), higher history of stroke (non-PCI vs. PCI; 5.6 vs. 17.5%, p=0.012) and higher incident of family history of CVD (non-PCI vs. PCI; 28.7 vs. 46.0%, p=0.025). [Table 2](#T2){ref-type="table"} includes some selected association factors related to depression, showed less religion (non-PCI vs. PCI; 54.6 vs. 36.5%, p=0.002) and less private health insurance (non-PCI vs. PCI; 43.5 vs. 20.6%, p=0.002) in patients with PCI, compared to non-PCI patients. No relevant differences in the baseline laboratory characteristics, except serum uric acid level and left ventricular ejection fraction were significantly different between the two groups ([Table 3](#T3){ref-type="table"}). The baseline BDI-II scores were not statistically different between the two groups (non-PCI vs. PCI; 13.06 vs. 14.44, p=0.209), but there was a statistically significant increment of the BDI-II scores in the PCI group (non-PCI vs. PCI; 11.80 vs. 18.49, p\<0.001), while no significant changes were found in the non-PCI group ([Table 2](#T2){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}). By a multivariate logistic regression analysis, PCI was associated with a 26.3% (OR: 1.263; 95% CI: 1.146-1.398, p\<0.001) increased risk of depressive symptoms during hospitalization ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

In the Heart and Soul study of 1,017 patients with stable CAD, the baseline depressive symptoms assessed using the Patient Health Questionnaire (PHQ), 19.6% had depressive symptoms (PHQ ≥10), and they had 10% of the age-adjusted annual rate of cardiovascular events, compared to 6.7%, among the participants without depressive symptoms (hazard ratio, 1.50; 95% confidence interval, 1.16-1.95; p=0.002). In this sample, the association between depressive symptoms and adverse cardiovascular events was largely explained by behavioral factors, particularly physical inactivity.[@B9] Also the experience of CAG and/or PCI is a significant event to stable CAD patients. Uncertainty related to diagnosis and outcome is reported to be patients\' major concern pre-procedure. Patients may also experience anxiety, due to the circumstances preceding the angiography and/or PCI.[@B10] During CAG and/or PCI, patients experience puncture pain and discomfort of lying still, sound environment, and supine position for prolonged periods, after manual sheath removal. Typically after PCI, patients are transferred to an intensive care unit (ICU), required complete bed rest with the affected leg restrained to prevent mobility and exposed to the special environment related to ICU. Ninety-one percent of the hospitals reported continuing to treat the patient with bed rest for an additional 6 hours, after the sheath is removed.[@B11] Patients excluded from the same-day discharge after PCI for safety concerns were reported to have worse early and late outcomes.[@B12]

Several studies have now reported that patients who experience angina are more aware of physical symptoms, in general, than are those with silent ischemia.[@B13] Our results raise the question of whether somatic hypersensitivity, a well-known and common manifestation of depression and anxiety,[@B14] might not determine whether the patient with coronary artery disease experience or report angina. A number of chronic pain conditions are known to lower pain thresholds.[@B15],[@B16]

Scores of 14 or greater, on the BDI-II, were considered indicative of at least mild to moderate symptoms of depression (elevated depression symptoms).[@B7] In this study of 171 in-hospital patients with CSA, we found relatively borderline depression level of basal BDI-II in both groups, without significant difference, between the two groups (non-PCI vs. PCI; 13.06 vs. 14.44, p=0.209). However, patients who underwent PCI had a 26.3% greater rate of subsequent depressive symptoms than patients of CAG, only. Our results suggest that PCI and peri-procedural managements are an important risk factor in the subsequent depressive mood status of patient with stable CAD, during hospitalization.

As previous studies have demonstrated, an association between depressive symptoms and health status outcomes in patients with coronary disease,[@B17]-[@B19] we should include assessment and treatment of depressive symptoms for better health outcomes.[@B20] In one study, reducing the emotional distress may improve long-term mortality in CAD patients.[@B21] As treatment of depression is complex, and antidepressant may have potential for cardiotoxicity, many cardiovascular physicians are either uncomfortable treating depression and/or using antidepressant medications in their patients with CAD.[@B22] But recent large studies showed that SSRIs can generally be used with reasonable safety and efficacy in cardiac patients, as a first line mediation.[@B23],[@B24] In addition, cognitive-behavioral treatment (CBT), a specific form of psychotherapy found to be highly efficacious in the treatment of depression.[@B25]

We are aware of several limitations of our study. It was conducted at a single center, enrolled small number of patients, and of CSA angina patients only. Also, other parameters of mood (ex. Anxiety) were not researched. Long-term follow-up of major cardiovascular events, associated with depressive symptoms, was needed, too.

In conclusion, this study identified that a significant proportion of CSA patients had borderline depressive symptoms, and PCI can independently cause depressive symptom, during hospitalization. Once patients are identified as depressive, appropriate interventions are required that might effectively manage depressive symptoms. In addition, more careful peri-procedural managements, including ICU care, may be effective to prevent the development of post-PCI depression for each patient. Further research is warranted to identify the mechanisms of PCI and depression, as well as to examine the proper interventions for depressive CSA patients.
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Comparison of clinical characteristics between non-PCI and PCI groups by independent t-test
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Data are presented as mean±SD or number (%). PCI: percutaneous coronary intervention, CVD: cardiovascular disease
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Comparison of association factors and measures of depression between non-PCI and PCI groups by independent t-test
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Comparison of laboratory findings and left ventricular ejection fraction between non-PCI and PCI groups by independent t-test
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Data are presented as mean±SD. PCI: percutaneous coronary intervention, hsCRP: high sensitivity C-reactive protein, HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol

###### 

By multivariate logistic regression analysis, relationships between PCI and measures of depression
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